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/TITLE OF-JHE INVENTION 




IMPIANTABLE'^ART STimrLftTCOR^-ANP-^TIMULATION METHOD 



f 'Related ApplicatiorT '' 

■ CoiJ Lltiua L i o n - 1 xi^P art-o f -a copending- 

entitled .!' Implantable Heart Stimulator and Stimulation Mfethod'!-.' 

i^V ^ield of the Invention 

[} The present invention relates to an implantable 

he^rt stimulator and related method, and more particularly 
to a highly versatile, externally programmable and implantable' 
heart stimulator capable of functioning in various modes of 
operation to perform a variety of therapeutic routines in 
response to recognizable heart disorders or arrhythmias. 

^ Background of the Invention 

I In recent years, substantial progress has been 

made in the development of techniques for providing effective ^ 
medical response to various heart disorders or arrhythmias. ^ 
The types of contemplated disorders or arrhythmias have 
typically been treated in the past by drug therapy, or by \ 
devices such as pacers, defibrillators, cardioverters, etc. \ 
More recent efforts have resulted in the development . ' 
of electronic standby defibrillators, such as disclosed 
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. Re. 27,652 of Mirowski et al (based on original U. S . Patent) 
No. 3,614,954) and ^Re . 27,757 of Mirowski et al (based on 
orxginal U.S. Raten^No . ^|t,,614 , 955 ) . 

Most recently, efforts have been directed toward 
the development of miniaturized def ibrillating, cardio- 
verting and pacing devices amenable to implantation in the 
body of a patient subject to heart disorder or arrhythmia. 
An example of one such implantable device is contained in 
U.S. Batent^^ljb . 3,9^2,750 of Mirowski et al (which discloses 
a command atrial ^aa^afSverting device). The utilization of 
an implantable automatic defibrillator is referred to in 
U.S. ]^yten5)No. 4,030,509 to Heilman et al . ' Moreover, U.S. 
]^i^n^No. 4.^ l.i^4^^^^6Jo Langer discloses a fault detection 
circuit for a permanently implanted cardioverter. 

Despite the developments of the recent past, there 
remains much room for advancement in this area of medical 
technology. For example, it is considered highly desirable 
to develop a single implantable heart stimulator having the 
capability of selectively performing any one of the various 
techniques for responding medically to recognizable heart 
disorders or arrhythmias, that is to say, the development of 
a single implanted heart stimulator capable of performing 
def ibrillating, cardioverting, and pacing functions on a 
selective basis. 

It also is highly desirable to develop an 
implantable heart stimulator and related method capable of 
selectively performing any one of these techniques on an 
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automatic basis, that is, automatically in response to 
detection of the occurrence of the corresponding heart 
disorder or arrhythmia. 

Moreover, an extremely advantageous feature of 
such a device and method would reside in the capability of 
externally programming the device to perform various 
operations, or sequences of operations, in accordance 
with defined parameters. Further elaboration on this point, 
including a background discussion, is appropriate at this 
point. 

It is known that the human heart requires 
coordinated electrical activity to successfully supply the 
body with a sufficient flow of blood. This coordinated 
activity is produced by a specialized conduction system 
contained in the body. A description of this system can be 
seen by reference to Jhe CIBA Collection of Medical 
^ Illustrations , Heart , by Frank Netter, M.D., pp. 49-49, 



1974(ISBN 0-914168-07-X, Library of Congress Catalog No. 
53-2151). Malfunctions of the conduction system produce a 
^vll!'!Lety of human disease conditions up to and including 
death (see Netter > op. cit. , pp. eej-es). 

Recently, an implantable^lutomatic defibrillator 
has been developed. The defibrillator automatically delivers 
a large electrical pulse to the fibrillating ventricles to 
abolish fatal malfunction and, thus, may be lifesaving in 
the case of ventricular fibrillation. Moreover, numerous 
other forms of electrical stimulation therapy have been, and 
are being, developed to treat various abnormalities of the 
heart. ^ 



For example, it is known that asystole (the absence 
of electrical stimulation to the ventricles of the heart) 
may be treated by implanting a pacer which periodically 
stimulates the ventricles with an electrical pacing pulse. 
Moreover, sophisticated pacing techniques, including various 
pacing modes (to be discussed in more detail below), have 
been developed. 

Most automatic devices provide pulses to the 
atrium of the heart, but practitioners are reluctant to 
automatically treat the ventricle of the heart by pacing 
because of the dangers involved, for example, induced 
fibrillation. Accordingly, it is considered desirable to 
develop a device which has the capability of treating, by 
pacing modes and, if need be by backup defibrillation, any 
induced arrhythmia or fibrillation which might result from 
treatment of the ventricle of the heart. 

It is presently known that electrical stimulation 
treatment modalities may be primarily classified in accordance 
with the energy levels utilized, as follows: 
Pulse Type 



Pacing equal to or less than 100 

micro joules 

Cardi over ting or 
defibri Hating 

(internal) 1 - 100 joules 



''^^^tated in simple terms, pacing pulses stimulate a very small 
volume of heart tissue (approximately mm^ ) , and the 

impulse is then contiguously conducted in a spreading fashion. 
Def ibrillating pulses, on the other hand, are of sufficient 
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strength to simultaneously stimulate all, or a critical 
mass, of the heart tissue, thus ameloriating the dangerous 
disorganized patterns of cyclic self-stimulation associated 
with ventricular fibrillation. 

In the very recent past, combined pacing and 
cardioverting electrode systems have been developed, such as 
are described in U.S. ^^^Sc^^t^No, ^4»03^^^q SL.no ted above. 
Such systems allow the delivery of def ibrillating energy to 
either the atria or ventricles, and also allow for the 
delivery of pacing pulses. A large number of possible 
electrical stimulation options are thereby made possible 
from the combined electrodes. 

Such combined pacing and def ibrillating funtions 
are quite effective in an implanted device because some 
s3(Tnptoms, such as the absence of R-waves, could indicate an 
asystole (treatable by pacing) or life- threatening ventricular 
fibrillation. It therefore would be desirable to have a 
combined pacer - defibrillator that first could attempt 
pacing in the presence of such symptons, and then, if the 
symptons persist, attempt defibrillation. 

A further copending patent application, ^ler^^ No. 
^9^2/76 3^o f Langer et al, is directed toward the development 
of a data recording device, intended for implantation along 
with an implantable automatic defibrillator. The intended 
purpose is to record approximately 100 seconds of the heart's 
electrogram before, during and after an episode of ventricular 
fibrillation. At a later time, the stored information may 
be extracted to provide a complete, permanent record of the 




ventricular fibrillation episode, including the operation of 
the device during automatic defibrillation- The use of this 
recording capability may be extended to capture critical 
data for additional modes of electrical stimulation therapy, 
and also to gain information which could lead to more effective 
future electrical stimulation. 

Pacers are increasingly becoming programmable, 
whereby parameters such as pulse rate, pulse amplitude and 
R-wave sensitivity may be adjusted from an external device 
in electromagnetic communication with the implanted pacer. 
It would be highly desirable to implant a microprocessor 
within an implanted pacer/cardioverter , for a communication 
link could thus be established to enter data, such as a new 
program, changing the software program (and, hence, operation) 
of the microprocessor. Moreover, the presence of a micro- 
processor would allow the use of extensive logic and analysis 
in the diagnosis and treatment of heart malfunctions with 
various regimens of electrical heart stimulation. Thus, it 
is considered highly desirable to develop an implantable 
heart stimulator capable of performing more than one mode of 
electrical heart stimulation for a given malfunction, and 
further provided with the capability of utilizing a variety 
of parameters within any given mode of operation, and even 
further with the capability of employing logic in a variety 
of fashions. 

Further referring to the employment of a 
microprocessor in an implantable heart stimulator, it is to 
be recognized that various microprocessors available today 




"vary in both power consumption and speed, thus making certain 
microprocessors (of lower power and speed) suitable for 
long-term operations, while other microprocessors (of higher 
power and speed) are more suitable for performance of 
sophisticated operations on a short-term basis- Accordingly, 
it is considered highly desirable to provide an implanted 
heart stimulator with a dual processor capability. It is 
also desirable to provide the heart stimulator with both a 
high power, high speed processor and a low power, low speed 
processor. This would especially be advantageous in view of 
the further design criterion of providing an implantable 
heart stimulator having multiple modes of operation for 
performing various electrical heart stimulation techniques 
(as discussed above), since some operations would be suit- 
able for performance by one processor, while others would be 
more suitable for performance by the other microprocessor. 

Finally, there are times, during operation, when 
it would be preferable for a given processor to operate at a 
speed higher than its normal speed of operation. Thus, it 
is considered highly desirable for an implantable, 
microprocessor-based heart stimulator to have the built-in 
capability of^''gear shifting^^J^so that the microprocessor 
operates temporarily at a higher speed of operation . 

Summary of Invention 
^w- According to the present invention, there is 

provided an implantable heart stimulator and related method, 
and more particularly a highly versatile, efficient, and 
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externally programmable heart stimulator which forms an 
integrated system for carrying out electrical heart stimulation 
techniques (defibrillation, cardioversion, pacing, etc.) in 
response to the detection of various heart disorders or 
arrhythmias. Such an implantable heart stimulator is 
processor-controlled, and is preferably controlled by dual 
processors, each of the two processors being specifically 
chosen, by virtue of its design, for controlling a partic- 
ular type of operation (long-term versus short-term, simple 
versus sophisticated). 



to an implantable heart stimulator and related method capable 
of performing in a multiplicity of operating modes, each of 
which can non-invasively be activated. In addition, as will 
be explained below, various parameters for each mode are 
externally programmable. The long-term operating models, to 
be performed by a simpler, slower, and less power-consuming 
processor, basically comprise: (1) ventricular fixed rate 
pacing, (2) atrial fixed rate pacing, (3) ventricular demand 
pacing, .(4) bifocal pacing, and (5) automatic defibrillation. 
A short description of each mode i'^s appropriate. 



parameters can be programmed to various values. Such pacer 
parameters include pulse rate, rate limit, pulse amplitude 
( mi Hi amperes ) , and pulse width (milliseconds). In a 
preferred embodiment of the present invention, an override 
capability exists, allowing the attending physician to 
double pulse rates (up to an appropriate maximum number of 



To be more specific, the present invention relates 



In the ventricular fixed rate pacing mode, the 
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pulses per minute, e.g., ..^200 pulses per minute) for the 
purposes of overdrive. ^ By activating the override mode, a 
burst of high rate pulses for a period of two to three 
seconds is issued. After this burst, the override is 
deactivated automatically and the pacer parameters return to 
original values. 

In the atrial fixed rate pacing mode, the parameters 
can be programmed to various values , the parameters including 
pulse rate, rate limit, pulse amplitude and pulse width. In 
addition, an override capability exists, allowing the attending 
physician to cause a burst of rapid atrial pacing. In this 
mode, pulse rates can be increased by a factor of 10 over 
typical pulse rates, (5.p# 55 , . . . ,^115 ,^^^20 pulses p^lf^ minute ) . 
Such a burst will last bVtween 2 and 3 seconds, after which 



the pacer parameters return to ^rheir original values . 

In the ventricular demand pacing mode, parameters 
can be programmed to various values; the parameters include 
pulse rate, rate limit, pulse amplitude, pulse width, 
sensitivity, and refractory period. 

In the bifocal pacing mode, the parameters can 
again be programmed to various values , the parameters 
including pulse rate, rate limit, pulse amplitude, pulse 
width, sensitivity, refractory and AV (atrioventricular) 
delay. 

Finally, automatic defibrillator operations can be 
performed in accordance with conventional parameters, including 
pulse energy (joules), number of pulses per sequence, and 




energy of each pulse. See, for example, U.S. 1^-t^ent^Nos . 
3,952,750 and 4,030,509. 



sophisticated, high-speed (and thus, high power-consuming) 
processor include: cardioversion, automatic patient warning, 
and automatic ventricular tachycardia control operations 
(including ventricular override pacing, rapid atrial pacing, 
ventricular coupled pacing, and automatic cardioversion). 
In addition, the more sophisticated and high-speed processor 
can perform, in a preferred embodiment, four- function 
recording, such recording being long-term in nature, but 
nevertheless performed by the high-speed processor, operating 
in the direct memory access (DMA) mode. A brief discussion 
of each of the latter operations is now appropriate. 



is activated only by reception of an external command signal 
(such as detection of placement of a magnet on the surface 
of the skin adjacent to an implanted reed switch and the 
transmission of a word over the data channel). The output 
produced in the cardioversion mode is synchronized with the 
next R-wave following receipt of the command signal. 
Preferably, only one pulse per conmiand is issued, and the 
pulse energies are non-invasively selected from among certain 
predetermined values (for example, 2, 5, 10, 15, 20,^^_^5^^0 
or 35 joules). ' 



'-■'^ The automatic ventricular tachycardia control mode 

of operation is the most complex of all modes of operation 




Short-teW operating modes , to be performed by a 




In a preferred embodiment, the cardioversion mode 





implemented by the system of the present invention. This 
mode of operation can be implemented under program control, 
the implantable heart stimulator being pre-programmed and 
enabled by the physician. However, there exists also the 
capability of reprogramming the implantable heart stimulator, 
in correspondence to the results of the treatment thus far, 
and then enabling the operation of the heart stimulator so 
as to treat the patient further in accordance with the 
reprogramraed procedure. In this mode, any combination and/or 
sequence of the following sub-modes can non-invasively be 
selected (programmed) by the attending physician: ventricular 
overdrive pacing, ventricular coupled pacing, automatic 
cardioversion, and rapid atrial pacing. Any or all of these 
can be selected, so that, if the first response is not 
effective in controlling ventricular tachycardia, the next 
response is activated. That is, initially, a list associated 
with the various modes can be developed; then, the doctor can 
revise the list depending on the patient's reaction to 
treatment. A more detailed discussion of each of these 
sub-modes of operation now follows . 

When ventricular tachycardia is detected, a two- 
to three-second burst of ventricular overdrive pacing is 
issued. The rate of overdrive pacing is pre-programmed at 
1,0, 15, 20 or 25% above the sensed ventricular tachycardia 
rate. The number of bursts is pre-programmed at 1,^,2, 3, or 
4 before automatically proceeding to the next response mode . 
■^^ere is, typically, a five-second delay between bursts. 
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In the ventricular coupled pacing sub-mode, N 
ventricular pulses existing above a given rate cause a 
ventricular pacing pulse to be placed at a given time 
(expressed in percentage of the R-R interval) following the 
Nth ventricular pulse. In addition, if the tachycardia 
continues, a search mode comes into effect for which, after 
each Nth pulse, the coupling interval decreases by a given 
amount of time, until the final coupling interval is reached. 
This procedure can be repeated a number of times (preferably, 
up to four) before proceeding to the next response mode. 
Various parameters for this sub-mode of operation include 
the number of precursor pulses, the tachycardia rate (pulses 
per minute), the initial coupling inteirval (percentage of 
R-R interval), the coupling decrement (percentage), the 
final coupling interval (percentage), and the number of 
response cycles . 

In the automatic cardioversion sub-mode of 
operation^ when ventricular tachycardia is detected, an 
output pulse sychronized with an R-wave is issued. Up to 
four such pulses may be issued with any combination of 
pre-programmed energies (for example, 2, 5, 10 or 15 joules) 
before proceeding to the next response mode. Theire**is, 
typically, a 5 second delay between each cardioversion 
pulse. 

Finally, in the rapid atrial pacing sub-mode of 
operation, a two- to three-second burst of rapid atrial 
pacing is issued at a pre-programmed rate. The number of 





bursts before proceeding to the next response mode are 




As stated previously, four- function recording 



constitutes a mode of operation which, although long-term in 
nature, is performed by the short-term processor, operating 
in the DMA mode . Typical information to be recorded for 
various events includes times and dates of episodes (such as 
fibrillation episodes or defibrillation pulses in the absence 
of fibrillation), ten seconds of precursor ECG, capacitor 
charge times (for example, for each fibrillation pulse), 
ninety seconds of post-pulse (post- fibrillation pulse) ECG, 
and various other data, as required by the attending physician, 
such capability being readily available merely by externally 
pre-programming the implanted heart stimulator device. 



further short-term mode of operation performed by the more 
sophisticated of the two processors. In accordance with 
this mode of operation, a patient warning pulse burst is 
issued upon detection of ventricular fibrillation. The 
parameters of this signal are programmable to optimize 
patient detection, such parameters including burst duration 
(preferably, rather short), burst amplitude, pulse width, 
and pulse rate. It is also considered desirable to program 
the implantable heart stimulator to include a service request 
pulse burst activated by device fault detection, loss of 
pacer capture or sensing, low battery voltage, and other 
similar conditions. The service request signal must be 



A patient warning mode of operation constitutes a 






distinguishable from the warning signal, and could, for 
example, be constituted by two short bursts of a few seconds 
duration, occurring within ten seconds, and repeated once 
every hour with amplitude, width and rate programmable, as 
stated above . 



of the present invention provide the capability of external 
programming so that various operations, or sequences of 
operations, can be performed in accordance with various 
parameters which are capable of being externally set at the 
discretion of the attending physician. 



according to the present invention comprises an input stage 
for receiving various status and sensor inputs, a controller 
section (preferably implemented by a microprocessor) for 
selectively performing any one of various operations of 
various types, an output stage responsive to signals provided 
by the controller for activating the various electrical 
heart stimulation devices (as well as for activating a 
patient warning system), and a data input/output channel for 
receiving and providing, to the controller, data inputs 
thereto, and for receiving from the controller and providing 
as an output various data outputs (for example, data to be 
displayed). In a preferred embodiment, the controller 
comprises a first controller for selectively performing any 
one of various operations of a given type, a second controller 
for selectively performing any one of a plurality of operations 



Thus, the implantable heart stimulator and method 



In general, the implantable heart stimulator 




of a different type, and an interface for providing exchange 
of information and control signals between the two controllers. 

The implantable heart stimulator and method involve 
the determination of a condition, from a plurality of condi- 
tions, afflicting a patient, the choosing of at least one 
mode of treatment for treating the condition, and the 
execution of the steps of each mode or modes of treatment. 
In a preferred embodiment, the steps or functions just 
described are repetitively and continuously implemented by 
the stimulator of the present invention. 

Finally, in one embodiment of the implantable 
heart stimulator and method, a sensing system is provided for 
sensing the absence of a natural R-wave, as a result of which 
pacing is perfojrmed, and then sensing the presence or absence 
of a forced R-wave (as would result from successful pacing), 
the system taking no action in the presence of a forced R-wave, 
or performing defibrillation in the absence of a forced R-wave - 

Therefore, it is an object of the present invention 
to provide an implantable heart stimulator and method, and 
more particularly a multi-mode implantable heart stimulator 
and method capable of accomplishing various types of electrical 
heart stimulation in response to detection of the occurrence 
of various heart disorders or arrhythmias. 

It is a further object of the present invention to 
provide a highly versatile implantable heart stimulator 
capable of performing defibrillation, cardioversion and 
pacing. 



It is a further object of the present invention 
to provide an implantable heart stimulator which is micro- 
processor-controlled, and, further, which is externally 
programmable with respect to various operations, or sequences 
of operation, to be performed, and various parameters in 
accordance with which such operations are to be performed. 

It is a further object of the present invention 
to provide an implantable heart stimulator which is not 
only microprocessor-controlled, but which is controlled by 
a plurality of processors (for example, in a preferred 
embodiment, two processors), each processor being specially 
selected, by virtue of its design, for performing operations 
of a given type. 

It is a further object of the present invention to 
provide an implantable heart stimulator controlled by dual 
processors, one processor being specially selected and 
designed for the performance of long-term operations, simple 
in type, while consuming relatively low power, the other 
processor being selected for the performance of short-term, 
sophisticated operations, even though consuming relatively 
high power . 

It is a further object of the present invention to 
provide an implantable heart stimulator controlled by at 
least one processor which is specially designed for normal 
operation at a given speed, and which can selectively be 
actuated to a higher processing speed for the performance of 
specialized operations requiring high speed of performance. 
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It. is a further object, of the present invention to 
provide an implantable heart stimulator having a data recording 
device capable of being implanted along with the implantable 
heart stimulator. 

It is a further object of the present invention to 
provide an implantable heart stimulator and method, wherein 
absence of a natural R-wave is sensed, as a result of which 
pacing is performed, followed by sensing of the presence or 
absence of a forced R-wave, with no further action being taken 
in the presence of a forced R-wave, and defibrillation being 
performed in the absence of a forced R-wave. 

The above and other objects that will hereinafter 
appear, and the nature of the invention, will more clearly 
be understood by reference to the following description, the 
appended claims, and the accompanying drawings. 

^ Brief Description of Drawings 

1^ F icru r:^ 1 is a block diagram of the implantable 
heart stimulator of the present invention. 

J^gu^^ 2A, B and C are diagrams relating to the 
input stage 12 of Figure 1. 

Figures 3A and 3B are diagrams relating to the 
controller 14 of Figure 1. 

Figure 4 is a block diagram of the interface 16 
and controller 18 of Figure 1. 

Figure 5 is a block diagram of the output stage 22 
of Figure 1. 
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Figure 6 is a flow chart of a typical program 
exemplifying the types of operations performed by the 



controller 14 of Figure 1. 



ty/ Detailed Description 




The present invention will now be more fully 



described with reference to various figures of the drawings. 
Figure 1 of which is a block diagram of the implantable 
heart stimulator of the present invention . 



stimulator 10 comprises: an input stage 12 for receiving 
various sensor and status inputs, that is to say, an impedance 
sensor input derived from electrodes (not shown) connected 
to the heart, an electrocardiogram (ECG) input derived from 
conventional ECG detection and amplifier circuitry (not 
shown), and an external command signal ("magnet in place'^)-^ 
alerting the implantable heart stimulator to the fact tha^ 
an external command is being received by virtue of placement 
of a magnet in proximity to the skin, and thus in proximity 
to (for example) a reed switch (not shown) located just 
under the skin's surface; a controller (A) 14 which, in 
response to various signals and inputs received from the 
input stage 12 , as well as from an interface 16 and con- 
troller (B) 18 (to be discussed below), performs various 
operations so as to generate different control and data 
outputs to both an interface 16 and an output stage 22; an 
interface 16 providing a conduit through which various data, 
status and control signals pass to and from input stage 12, 



As seen in Figure 1, the implantable heart 





controller 14 and controller 18; a second controller (B) 18 
responsive to various data and control inputs received from 
input stage 12 , interface 16 , and a data input/output channel 
20, for performing various operations to provide control and 
data outputs to the input stage 12, the controller 14, the 
interface 16, the data input/output channel 20, and the 
output stage 22; a data input/output channel 20 forming a 
conduit through which both data in and data out pass on 
their way to or from various elements (visibly, controller 
14 and controller liB ) of the implantable heart stimulator 
10; and an output stage 22 responsive to various control 
signals from controller 14 and controller 18 for not only 
actuating conventional defibrillation, cardioverting and 
pacing devices connected thereto, but also for actuating a 
patient warning system (to be discussed below). 

In accordance with a preferred embodiment of the 
present invention, controller 14 and controller 18 are 
specially selected, by virtue of their design, to perform 
certain, respective operations for which they are particularly 
suited. This feature of the present invention, including 
the precise breakdown of functions between controllers 14 
and 18, will be discussed in more detail below. 

Figures 2A, 2B and 2C are diagrams relating to the 
input stage 12 of Figure 1. As seen therein, input stage 12 
comprises amplifier and signal conditioning circuitry 30, 
converter 32, a dedicated cardiac state evaluation circuit 
34, and an input selector 36. 




In operation, amplifier and signal conditioning 
circuitry 30 receives an ECG input provided by conventional 
ECG detection circuitry, and performs amplification and 
signal conditioning (filtering) to provide an analog output. 
Furthermore, amplifier and signal conditioning circuitry 30 
receives an input CONTROL WORD from the controller 18 
(Figure 1), which control input sets the corner frequency 
for differentiating the ECG input, and also sets the maximum 
gain which the amplifier can have (thus, setting the 
sensitivity for the ECG input) . 

The amplifier and signal conditioning circuitry 30 
and the converter 32 of Figure 2 A are shown in more detail 
in Figure 2B. As seen therein, the amplifier and signal 
conditioning circuitry 30 comprises filtering capacitor 298 
and a differentiation circuit made up of amplifier 300 and 
resistor 302. The converter 32 comprises absolute value 
circuit 304, an RC circuit made up of resistor 306 and 
capacitor 308, a comparator 310, comparator 312, and 
comparator 314. 

In operation, the input ECG signal is filtered by 
capacitor 298, and then is differentiated by amplifier 300 
and resistor 302. The resulting differentiated ECG signal 
is provided to an absolute value circuit 304, resulting in 
generation of the absolute value of the differentiated ECG 
signal, waveform 318 in Figure 2C. 

The latter waveform is provided to a comparator 314, 
which receives a reference input REFA, by means of which an 



output RWAVE (wavefoann 320 in Figure 2C) is generated so as 
to identify the occurrence of each R-wave. 

The absolute value of the differentiated ECG 
signal from absolute value circuit 304 is provided as one 
input to comparator 312, the other input of which is a 
reference input REFB, REFB being lower in level than REFA. 
As a result, comparator 312 generates a further output 
WINDOW (waveform 316 of Figure 2C), thus defining the extent 
of the waveform 318. 

Finally, the differentiated ECG output from 
comparator 300. is provided, via RC circuit 306, 308, to one 
input of comparator 310, the other input of which is provided 
with a reference input REFC. As a result of its operation, 
comparator 310 generates an output PEAK REACHED, such output 
identifying each occurrence of a peak in the ECG signal - 

Returning to Figure 2A, dedicated cardiac state 
evaluation circuit 34 receives digital inputs RWAVE and 
WINDOW, and produces an interrupt command to the controller 
(A) 14 (designated INTERRUPT ON STATE). Dedicated cardiac 
state evaluation circuit 34 also generates , in response to 
detection of particular cardiac states, corresponding outputs 
indicating the occurrence of the particular state, that is 
to say, output FIB (indicating fibrillation), output TACHY 
(indicating tachycardia), and output BRADY (indicating 
bradycardia). The latter three outputs are provided to 
input selector 36. 
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More specifically, the dedicated cardiac state 
evaluation circuit 34 comprises circuitry similar to the heart 
rate circuitry contained in the arrhythmia detection system 



cardiac state evaluation circuit comprises circuitry similar 
to that previously disclosed, such circuitry responding to the 
RWAVE and WINDOW data inputs thereto for determining which of 
three states (fibrillation, tachycardia or bradycardia) exists. 
Moreover, by conventional means (for example, by conventional 
OR gate circuitry), the dedicated cardiac state evaluation 
circuit 34 issues an output INTERRUPT ON STATE to the 
controller 14 whenever any one of the three conditions 
is detected. 



circuitry can be provided for determining, based on the 
previously discussed inputs, the existence of various medical 
conditions, for example, ventricular tachycardia, ventricular 
fibrillation and super-ventricular tachycardia- Such conven- 
tional logic circuitry can be provided either in the dedicated 
cardiac state evaluation circuit 34, or in one of the 
processors/controllers to be discussed below. The logic 
involved will, however, be discussed at this point. 



indicates the occurrence of a low-rate tachycardia condition. 
Conventional medical technique calls for no electrical shock 




It is also to be noted that conventional logic 



Occurrence of FIB in the absence of TACHY 





to be administered to a patient afflicted with this condition. 
However, under these conditions, a "wake-up.'JL-Gall to the 
controller 18 is issued via the interface 16 and sophisticated 
pacing modes may begin if so programmed. 

Occurrence of both FIB and TACHY indicates a 

ventricular fibrillation condition, and again a "wake-up''~ 
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signal is sent to the controller 18 via the interface 16. 
In addition, controller 14 (Figure 1) is actuated to cause 
a defibrillation shock to be issued to the patient via the 
output stage 22. More specifically, and as will be dis- 
cussed below, the controller 14 fetches the energy required 
for defibrillation from a parameter memory (also to be 
discussed below), transmits such information to a defibril- 
lation pulse generator, shuts down pacing circuits, and 
issues various other control outputs so as to cause a 
defibrillation shock to be built up and then applied to the 
patient (as opposed to a test load). The controller 18, 
during this time period, is involved in recording parameters 
surrounding the issuance of the defibrillation shock, such 
data being provided to the controller 18 via the data 
input/output channel 20 (Figure 1). 

It is to be noted that, during defibrillation 
shock of the patient, a sync output is provided to the 
output stage 22 (specifically, to a pulse generator contained 
therein) from the interface 16 (specifically, from an output 
latch contained therein) so that a determination can be made 
as to whether or not the pulse generator is synchronized 



(for example, synchronized with RWAVE ) . Thus, the sync line 
is kept high at all times during ventricular defibrillation. 

Occurrence of output TACH in the absence of output 
FIB indicates a super-ventricular tachycardia condition, 
that is, a condition during which the heart beat is rapid 
but the known probability density function criteria is not 
fulfilled. In such an instance, synchronized cardioversion 
(that is, cardioversion synchronized with the RWAVE) may be 
indicated. Accordingly, under such conditions, a mode word 
contained in a parameter memory (associated with the 
controller 18) is provided to an input selector (contained 
within controller 14 ), such input selector (as will be 
discussed in more detail below) basically comprising a 
one-bit processor unit. The controller 14, as will also be 
explained in more detail below, issues sync pulses which, 
when high, indicate synchronization with the R-wave. As a 
result of such sync pulses provided to the output stage 22 
(which contains a pulse generator), a voltage is built up 
and a pulse is issued once SYNC goes "high" . 

The latter operations will be discussed in more 
detail below, in connection with a discussion of the detailed 
diagrams for the controller 14, interface 16, controller 18, 
data input/output channel 20 and output stage 22 of Figure 1. 

Input selector 36 is, as previously stated above, 
a single-bit processor which receives the various control 
inputs previously mentioned (RWAVE, WINDOW, PEAK REACHED, 
FIB, TACHY and BRADY), as well as other control inputs 



(MAGNET IN PLACE, TIMER A OVER, TIMER B OVER) generated 
outside of the input stage 12. In addition, input selector 
36 receives and provides various status and control signals 
from and to, respectively, the controller (A) 14, and receives 
data from and provides data to the interface 16. Finally, 
input selector 36 receives address data from the controller 14. 

In response to control inputs from the controller 
14, input selector 36 selectively routes the aforementioned 
control inputs (FIB, TACHY, etc.) from the evaluation 
circuit 34 to the controller 14. Input selector 36 is, as 
previously mentioned, an input selector for the one-bit 
processor, otherwise known as a multiplexer chip (for example, 
a CMOS chip, model no. 14512). Additional functions of the 
input selector 36 will be described below, as the implantable 
heart stimulator and method are described in more detail. 

Figures 3 A and 3B are diagrams relating to the 
controller (A) 14 of Figure 1. Controller 14 comprises a 
microprocessor (A) 40, a program counter 42, program memory 44, 
program counter preset 46, timer (A) 48, and timer (B) 50. 

Microprocessor 40 is, preferably, a control unit 
of the type generally designated as MCj^^OOB (manufactured 
by Motorola). However, for the purposes of making and using 
the present invention, microprocessor 40 may be any similar 
unit capable of perfoirming relatively simplistic functions 
on a long-term basis, while consuming relatively low power; 
e.g., discrete logic can be employed. Microprocessor 40 
performs its operations under program control in response to 




sequentially received operation codes (preferably, of four 
bits) from the program memory 44- 

The microprocessor 40 receives various status 
and/or control inputs from input stage 12 (specifically, 
from input selector 36 thereof, as previously discussed) , as 
well as from interface 16 (to be discussed below). Thus, 
microprocessor 40 need only be capable of reading (and, of 
course, responding to) such one-bit control inputs. For 
example, as previously mentioned, microprocessor 40 responds 
to control input FIB, TACHY and BRADY (provided via input 
selector 36) to perform the various logic operations 
discussed above, and to produce corresponding outputs VT, VF 
and SVT indicating the occurrence of ventricular tachycardia, 
ventricular fibrillation and super-ventricular tachycardia, 
respectively. 

In addition, in response to such control inputs, 
and as dictated by the program stored in memory 44, micro- 
processor 40 performs various other sequential operations 
(to be discussed in detail below), and in the process generates 
various control outputs (preferably, one-bit outputs ). 
Notably, microprocessor 40 generates the following control 
outputs having the indicated functions : 

O JMP/PRESET - a control output provided to 
program counter 42 for causing the counter 42 to jump 
to a given value, thus establishing a given address in 
memory 44 which is to be accessed for the purpose of 
providing a given sequence of instructions (op codes) 
to the microprocessor 40 . JMP/PRESET is generated 



under program control, and causes the "jump address" 
from preset 46 to be locked into program counter 42 - 
More specifically, the JMP/PRESET command permits 
execution of a "jump" instruction in accordance with a 
stored program executed by the controller 14. The 
program counter preset 46 provides a "jump address""'>to 
the program counter 42 , the program counter preset 46 
consisting of a set of registers (for example, tristate 
buffers) having low-order bits which define the address 
bus from program memory 44. It is to be noted that 
high-order bits which define the address latch (the 
page to which a jump is to be executed) are provided as 
input PAGE INDICATOR by evaluation circuit 34 to 
processor 40. At this juncture, a discussion of the 
program memory 44 is appropriate. 

As seen in Figure 3B, the program memory 44 
may be divided into convenient blocks (for example, of 
256 bits size), with each block or page of memory being 
'^^^served for a program dealing with a particular one of 
the conditions which can be experienced by a cardiac 
patient. Thus, the first block might contain the 
program for executing a pacing mode, the second block 
may contain the program for treating a person in need 
of cardioversion, a third block may contain the program 
for treating a person in need of defibrillation, and so 
forth. As mentioned above, the high-order bits of the 
jump addressilU«(PAGE INDICATOR) are provided to processor 
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40 by evaluation circuit 34, and correspond to the 
particular page or block of memory (set of instructions 
dealing with a particular condition) to be executed. 

Thus, referring back to the discussion of 
controller 14, with reference to Figures 2 A and 3A, 
detection of one of the cardiac conditions by the 
dedicated cardiac state evaluation circuit 34 results 
in transmission of control signal INTERRUPT ON STATE to 
the program counter 42 of controller 14 (Figure 3A) 
causing generation of PAGE INDICATOR. The program 
counter 42 responds to INTERRUPT ON STATE by resetting 
the low-order bits of the memory address, while PAGE 
INDICATOR establishes the high-order bits which enable 
the program counter 42 to page to the beginning of that 
block in memory 44 corresponding to the desired treatment. 
Then, the microprocessor 44 responds to successive op 
codes from the program memory 44 so as to execute the 
program corresponding to the desired treatment (pacing, 
cardioversion, defibrillation, and so forth). 

CLOCK |- a clock- type output provided by 
microprocessor 40 to the program counter 42, in accordance 
with which program counter 42 cycles through successive 
addresses so as to access successive locations in the 
program memory 44 . 

|Q WRIT^- a pulse output generated by 
microprocessor 40, and provided to the interface 16. 
More specifically, whenever the microprocessor 40 in 
controller 14 determines that data must be provided to 
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certain other elements of the implantable heart stimulator, 
it issues the WRITE command to the interface 16 (specif- 
ically, to an output latch contained therein, and to be 
discussed below). The interface 16 responds by providing 
whatever data is contained on the address bus connected 
to the output latch in interface 16 to the appropriate 
element (for example, the timers 48 and 50, which 
receive timer data from the interface 16 (the output 
latch contained therein)). 



(1) an address (ADDR) is provided from the program 
memory 44 to the timers 48 and 50 so as to select one 
of the timers, and to the interface 16 (the output 
latch contained therein) so as to access data (e.g., 
TIMER VALUE) in parameter memory 58; (2) the latch 
responds thereto by accessing the particular address in 
parameter memory 58 , which address contains the data to 
be transferred; (3) the desired data (for example, 
timer address dafe) is made available, via the output 
latch in interface 16, to the timers 48 and 50; (5) a 
selected timer, as indicated by the timer address data 
(ADDR) provided by the program memory 44 to the timers 48 
and 50, receives the data (TIMER VALUE) made available 
by the interface 16; and (6) the particular timer 48 
or 50 begins its timing operation. In this manner, 
such timing information as the atrial escape interval 
(related to the pacing rate) or ventricular escape 
interval can be provided, and a timing operation can be 




An example of such a procedure is as follows: 



conducted in accordance therewith, so as to accomplish 
various pacing or defibrillation functions. It is to 
be noted that, as an alternative, an enable signal 
TIMER ENABLE from controller 18 could be used to 



select/enable a given one of the timers 48 and 50. 
rfac 



FLAGO 4- a control output provided to the 
interface 16. TMis control output is used as a strobe 
to write information into an address latch contained 
within the interface 16. 

STATUS/CONTROL a general designation for 
status and control inputs received from and provided to 
input stage 12; more specifically, various status and 
control signals selected by input selector 36 (as 
previously discussed) are provided to the microprocessor 
40 of controller 14. These status and control signals 
relate, for example, to the various medical conditions 
which might occur: tachycardia, bradycardia, 
fibrillation, and so forth, as already discussed. 

Further referring to Figure 3, it is to be noted 
that microprocessor 40 receives a control input HIGH CLOCK 
from the interface 16. The microprocessor 40 responds to 
^ this "high clock" instruction so as to switch its mode of 
operation into "high gear" in order to perform subsequent 
processing operations at a higher speed than is normally the 
case. Conversely, the microprocessor 40, in the absence of 
the "high clock" instruction, operates in a "low gear" mode 
of operation so as to perform processing operations at a 
lower speed, that is, at a normal speed of operation. In 
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this manner, those operations which require high speed of 
operation can be performed with such high speed of operation, 
while those operations which may be performed at normal 
speed may be performed at normal speed of operation, thus 
saving power by adapting the processing speed to the particular 
operation being performed. 



provides data to the interface 16. More specifically, data 
is transmitted between the microprocessor 40 and the interface 
16 by means of a standard data bus, the data line or bus 
consisting of a line or lines between the microprocessor 40 
and a latch in the interface 16. Various positions in the 
latch are set/reset as determined by the address bus from 
the program memory 44 to the interface 16. Furthermore, one 
or more lines are provided between the controller 14 and the 
input selector 36 (Figure 2A) so as to pass data from the 
input selector 36 to the microprocessor 40 (Figure 3A) 



conventional counter for issuing successive count outputs, 
derived in accordance with a clock input from the micro- 
processor 40. Thus, counter 42 accesses successive locations 
in the program memory 44 for the purpose of providing op 
code instructions to the microprocessor 40, as well as for 
the purpose of providing memory addresses to the input stage 
12, specifically, to the input selector 36, thus causing 
input selector 36 to read the desired input line (e.g., FIB, 



Finally, microprocessor 40 receives data from and 
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S during a "read" operation. 



As stated previously, program counter 42 is a 




BRADY, etc.) to the interface 16 covered previously, and to 
the timers 48 and 50 covered previously. 

Finally, controller 14 includes a preset circuit 46 
which (as previously explained) provides a JUMP ADDRESS 
output to the program counter 42 to preset the counter 42 , 
thus executing a "jump" instruction. 

Figure 4 is a block diagram of the interface 16 
and controller 18 of Figure 1. As seen therein, the 
interface 16 comprises an output latch 52 and an address 
latch 54, both of which were referred to previously. They 
are conventional latches having multiple positions which can 
be set by controller 14 and/or input stage 12. 

In operation, the output latch 52 effectively 
receives various control and data inputs from and provides 
various control and data inputs to the controller 14, 
receives various data from and provides various data to the 
input stage 12, and provides various control outputs to the 
controller 18 and output stage 22, respectively. More 
specifically, output latch 52 receives or provides the 
following control signals: 

WRITE I- a control input (discussed above) 
which is received from the controller l4, specifically, 
from microprocessor 40, and which causes the latch 52 
to receive/store the data coming from the DATA line, 
that is, from the microprocessor 40 (Figure 3A) . 

HIGH clock)- a control output (also discussed 

m 

above^) from output latch 52r,--which control output 
causes the microprocessor 40 to perform certain processing 
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operations at a speed higher than normal, with other 
processing operations being pierformed at a normal 
speed, thus conserving power by adapting the speed of 
processing to the particular operation being carried 
out. 
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START DEFIB^- a control signal generated by 
output latch 52 by comm^and of the microprocessor 40, 
and provided to the output stage 22 (to a pulse generator 
therein), for the purpose of indicating the need for 
defibrillation. This control input is generated as a 
result of logical operations performed in the micro- 
processor 40; such logical operations were described 
, above with reference to the various control input 
conditions (FIB, TACHY) which are logically processed 
so as to determine which medical condition (ventricular 
tachycardia (VT), ventricular fibrillation (VF), or 
super-ventricular tachycardia (SVT)) has occurred. 

API J a control output provided by latch 52 
to the output stage 22, indicating the need for atrial 
pacing activity to take place; it is a control output 

generated by microprocessor 40. 
/ 

VFPl a control output provided by latch 52, 
and provided to output stage 22, indicating the need 
for commencement of ventricular pacing activity; it is 
a control output generated by microprocessor 40. 

SELECT PATIENT ^- a control output generated 
by latch 52, and transmitted to output stage 22, desig- 
nating the patient (as opposed to test load), with 
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respect to which defibrillation activity is to be 
started (per the START DEFIB control signal previously 
discussed above). 

1 



WAKE UP a control input generated by latch 
52, and transmitted to the controller 18 for the purpose 
of alerting the controller 18 to perform its various 
control functions (as will be discussed below). 

O The output latch 52 receives, as previously stated, 
address' data from the controller 14. Output latch 52 also 
receives data from and provides data to the input stage 12, 
that is, to the input selector 36. 

Address latch 54 of interface 16 receives address 
data and the control input FLAGO from controller 14, and 
provides parameter address information to the controller 18. 

Further referring to Figure 4, the controller 18 
comprises a microprocessor (B) 56 and a pacer-def ibrillator 
parameter memory 58. The microprocessor 56 is, preferably, 
a microprocessor system ^^802 (manufactured by RCA Corporation), 
but can be any conventional microprocessor capable of perform- 
ing similar operations. Typically, microprocessor systems 
capable of sophisticated operations consume relatively high 
power. The microprocessor 56 should, in accordance with the 
invention, have the capability of operation in the direct 
memory access (DMA) mode, such mode of operation being 
employed in the operation of a precursor memory. More 
specifically, the processor 56 has a DMA mode, by means of 
^..^ which ECG data is written into a precursor memory, so that 
6 the implantable heart stimulator can "look at" the ECG data 





just prior to fibrillation. This technique is known to 



those of skill in the art, especially in view of prior 




microprocessor 56 periodically executes DMA cycles so as to 
store ECG data in a precursor memory, such operation being 
carried out even while the microprocessor 56 is "asleep 



microprocessor 40 (Figure 3A) in controller 14, the precursor 
memory is " frozen'_'^,.=rsuch that ECG information occurring just 



and thus to the operator of the implantable heart stimulator. 

Microprocessor 56 generates, in response to the 



of generating a patient "tickleV^ignal . Microprocessor 56 
also generates outputs AP2 (indicating the need for atrial 
pacing) and VP2 (indicating the need for ventricular pacing), 
the latter being provided to output stage 22 . 



IN PLACE, indicating an external command via the placement 

of a magnet in proximity to a reed switch (not shown) located 

just under the skin of the patient. This external command 

to the microprocessor 56 alerts it to the imminent input/output 

of data, and causes the microprocessor 56 (which is responsible 

for input/output of data to/from the implantable heart 

stimulator) to enable the data input/output channel 20 



When defibrillation is detected by the 





Microprocessor 56 receives a control input, MAGNET 






(Figure 1). In this manner, the processors 40 and 56 can be 
reprogrammed, or a status word in the parameter memory 58 
can be modified. For example, such a status word is provided 
in the memory 58 for the purpose of indicating which medical 
procedures (pacing, defibrillation, etc.) are appropriate 
and permissible for treating a particular patient. Thus, 
the use of the MAGNET IN PLACE command permits the physician 
or operator of the implantable heart stimulator to modify 
the status word in parameter memory 58, and thus modify the 
particular regimen of treatments which are permissible for 
the particular patient. 



parameters necessary for performance of the pacer and 
defibrillation operations, as is conventionally known. For 
example, parameter memory 58 stores information relating to 
the energy magnitude to be utilized in conjunction with 
defibrillation, as well as information relating to atrial 
current and ventricular current to be utilized by the atrial 
pacer drive circuit 66 and the ventricular drive circuit 68, 
respectively, in conjiinction with pacing operations. As 
stated previously, the address latch 54 in the interface 16 
provides various parameter address information to the parameter 
memory 58, causing selective access of the memory 58 for the 
purpose of reading out parameter words. The parameter words 
are, as indicated in Figure 4, provided to the controller 14 
and to the output stage 22. As indicated earlier, these 
parameter words are provided to the timers 48 and/or 50 in 
controller 14 for the purpose of setting a destination count 



The pacer-defibrillator parameter memory 58 stores 




in the particular timer so that, when the timer is actuated 
for counting, a particular interval of time (for example, an 
AV delay period) will be measured, as a result. 

More particularly, the controller 14 (Figure 3A) 
includes timers 48 and 50 which are utilized to perform 
specific timing operations for specific medical treatments. 
For example, timer 48 could be used for timing the absolute 
refractory, while timer 50 could be used for timing the 
pacing (A-V) interval. Timers 48 and 50 each receive address 
information (ADDR) from the program memory 44, by means of 
which one or the other timer (or both timers) is (are) selected 
for carrying out a timing operation. Alternatively, the 
output latch 52 in interface 16 (Figure 4) could be utilized 
to provide a TIMER ENABLE signal to each of the timers 48 
and 50, so as to select one or the other (or both) for a 
timing operation. Finally, the parameter memory 58 in 
controller 18 provides TIMER VALUE data to each of the 
timers 48 and 50, such data representing the particular 
timing values to which the respective timers 48 and 50 are 
to count . 

As indicated, the parameter words are also provided 
to the output stage 22. For example, parameter words defining 
energy magnitudes, in accordance with which the defibrillation 
activities are to be performed, are provided to appropriate 
circuitry in the output stage 22 (this will be discussed in 
more detail below, referring to Figure 5). 

It is to be noted that the parameter memory 58 is 
preferably a dual-port memory or a double-buffered memory. 





This is desirable in order that the parameters stored in 
memory remain stable insofar as the processors 40 and 56 are 
concerned, even while updating procedures are taking place. 
That is to say, the utilization of a dual-port or double^^ 
buffered memory precludes the occurrence of extreme changes 
in the parameters during ongoing medical procedures, which 
changes could cause the processors 40 and 56 to function 
erratically, with possible harm to the patient. 

Figure 5 is a block diagram of the output stage 22 
of Figure 1. As seen in Figure 5, output stage 22 comprises 
inverter 62, pulse generator 64, atrial pacer drive circuit 
66, ventricular pacer drive circuit 68, and patient warning 
circuit 70 . 

In operation, output stage 22 causes the commencement 
of defibrillation activities in response to the reception, 
by inverter 62, of the START DEFIB input, provided (as 
previously discussed) by the output latch 52 of interface 16 
(Figure 4). The START DEFIB input is set by the processor 
40 when defibrillation is deemed to be necessary, as 
previously explained. In response to the START DEFIB input, 
inverter 62 causes the pulse generator 64 to generate the 
required defibrillation pulses for transmission to electrodes 
on or in proximity to the heart (not shown). More specifically, 
pulse generator 64, in response to inverter 62, generates a 
defibrillation pulse having an energy magnitude as dictated 
by the parameter word provided by controller 18, more speci- 
fically, by the parameter memory 58 thereof (Figure 4). 
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It is to be noted that further detail relative to 
the inverter 62 and pulse generator 64 in output stage 22 
(Figure 5) is believed to be unnecessary, since the performance 
of defibrillation techniques utilizing an inverter 62 and a 
pulse generator 64 are well-known in the art. For example, 
see prior application Serictl^ No. 464,180 filed onf Aprii?^25 , 
1974, now U.S. ^Patent^No. 3 , 952 , 750 ,'"*and*copending application 
^SeriaJ. No. 65^, 228 filed onrAugust;^^ 9 , 1979 . 

The atrial pacer drive circuit *66 responds to 
reception of either signal API (from the output latch 52 of 
interface 16) or the output AP2 (from the microprocessor 56 
of controller 18), as received by an OR gate 72, to generate 
an atrial pace output to a pacer interface (not shown). 
Similarly, ventricular pacer drive circuit 68 responds to 
reception of either VPl (from the output latch 52 of interface 
16) or output VP2 (from the microprocessor 56 of controller 
18), as received via an OR gate 74, to generate a ventricular 
pace output to the pacer interface (not shown). 

It is to be noted that such a pacer interface is 
disclosed in copending application Sefi^i No. 1^3,027 filed 
onCSeptembe'r 30.,^ 1980_„ and entitled "Method and Apparatus 
for Combining Def xbrillating and Pacing Functions in a Single 
Implanted Device"^,-, assi^ed to the assignee of the present 
invention . 

It is also to be noted that, with respect to 
atrial and ventricular pacing, as carried out by the 
implantable heart stimulator of the present invention, the 
output latch 52 of Figure 4 and the microprocessor 56 of 
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Figure 4 are each equipped to handle both atrial and 
ventricular pacing. The specific one of these two elements 
which performs the atrial or ventricular pacing is dependent 
on the particular type of pacing to be performed. As 
mentioned above, the microprocessor 40 (Figure 3A) operates 
in conjunction with the output latch 52 to implement atrial 
and Ventricular pacing involving long-term, relatively simple 
procedures. Conversely, the microprocessor 56 (Figure 4) 
handles atrial and ventricular pacing involving short-term, 
relatively more complicated proce<^ures . 

Finally, the patient warning circuitry 70 responds 
to the reception of a patient warning input ( from the con- 
troller 18) so as to generate a patient "tickle"^ignal, 
alerting the patient that defibrillation is about to take 
place. Patient warning circuit 70 could, thus, be any 
conventional circuit for generating a patient "tickle'JL-or 
similar signal for the purpose of warning the patient'^f 
imminent defibrillation. 

Figure 6 is a flowchart of a typical program for 
implementing the operations of the microprocessor 40 of 
controller 14 of Figure 3. In this particular instance, the 
program relates to simple pacing operations (bifocal pacing) 
performed under the control of microprocessor 40 of controller 
14. 

Referring to Figure 6, block 100, the program is 
commenced by writing the address of the refractory period to 
the address latch, such information being provided as input 
ADDRESS DATA from the controller 14 to the address latch 54 



(Figure 4). In addition, the output FLAGO is toggled by the 
microprocessor 40 (Figure 3), such control output being 
provided to the interface 16 . 

Further referring to Figure 6, block 102, the 
absolute refractory period from parameter memory 58 (Figure 
4), as accessed by the address latch 54 (under the influence 
of ADDRESS DATA), is loaded in timer 48 (Figure 3). 

Referring to block 104, a decision is then made as 
to whether FLAGO is zero or one- Dependent on which of the 
two conditions exist, blocks 106 or 108 is implemented so as 
to write an appropriate address of the pacing interval to 
the address latch 54. Then, referring to block 110, the 
appropriate pacing interval is written to the timer 50 
(Figure 3 ) . 

Referring to Figure 6, the logical operation 

indicated in block 112 is executed, and the program^ "loopsj' ,*r«- 
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(blocks 112 and 114) until TIMER A OVER is generated by the 
timer 48 (Figure 3). As previously stated, this condition 
is detected by the controller 14 (Figure 3) via input selector 
36 (Figure 2). Once TIMER A OVER is generated, the micro- 
processor 40 decides whether or not an R-wave has occurred 
(block 116). If such has occurred, the "paced beat'' --flag is 
cleared (block 118), and a return to block 100 is executed. 

The "paced beat" flag can be implemented by merely 
allocating a particular memory location (one-bit memory 
location) . Alternatively, a one-bit position in output 
latch 52 can be set aside as the "paced beatll-— f lag, and such 
flag can be set or cleared by microprocessor 40 (Figure 3A). 



Returning to consideration of Figure 6 (block 118), 
if the R-wave has not occurred, the address, in parameter 
memory 58, of the atrial current is provided to address 
latch 54, and the atrial current information is loaded from 
parameter memory 58 to the atrial drive circuit 66 in output 
stage 22 (Figure 5), as indicated in block 120 of Figure 6. 
Then, referring to block 124, the address, in parameter 
memory 58, of the pacing pulse width is written to the 
address latch 54, and the parameter memory 58, as addressed 
by latch 54, provides the pacing pulse width information to 
the timer (A) 48 (Figure 3). However, as indicated in block 
124 of Figure 6, timing of the pacing pulse width by timer 
48 is achieved in accordance with lOx (ten times) clocking. 
That is to say, the programmed operation of microprocessor 
40 (Figure 3) causes the microprocessor 40 to transmit a 
control signal to the output latch 52 in interface 16 
(Figure 4). Output latch 52 then generates HIGH CLOCK, the 
latter being provided to the microprocessor 40 so as to 
cause it to "gear shiftji»>^ and microprocessor 40 thus enters 
the mode of operation whereby processing takes place at a 
higher than normal speed of operation. 

Referring to block 126, the address of the AV 
(atrial-to-ventricular ) pulse delay period is written to 
address latch 54, and the parameter memory 58, as accessed 
by address latch 54, writes the AV pulse delay to timer (B) 
50 (Figure 3). Then, referring to blocks 128 and 130, the 
output latch 52 (Figure 4) is set, so as to generate output 
API (provided to the atrial pacer drive circuit 66 via OR 




gate 72 (Figure 5)). The output latch 52 remains set so as 
to generate API until the pacing pulse width set in timer 48 
(Figure 3) is completed. Then, the output latch 52, that 
is, output API, is cleared (block 132), and remains cleared 
until the AV pulse delay, set in timer 50, is completed 
(block 134) , 

Once the AV pulse delay period is completed, a 
further decision (block 136), as to whether or not the 
R-wave has occurred, is made. If the R-wave has not occurred, 
the address, in parameter memory 58, of ventricular current 
is written to the address latch 54, and parameter memory 58, 
once accessed by the address latch 54, provides the ventri- 
cular current information to the ventricular pacer drive 
circuit 68 via the OR gate 74 (Figure 5), as indicated in 
block 138 of Figure 6. Then, as indicated by block 140, the 
address of the pacing pulse width is written to address 
latch 54 (Figure 4), and the parameter memory 58 provides 
the pacing pulse width to the timer (A) 48 (Figure 3), the 
latter operating in the "gear shift" or "high clock'^-.mode . 

Further referring to Figure 6, block 142, output 
latch 52 (Figure 4) is set so as to generate output VPl, 
provided to the ventricular pacer drive circuit 68 via OR 
gate 74 (Figure 5), and the output latch 52 remains set so 
as to continuously generate output VPl until TIMER A OVER 
occurs at the output of timer 48 (Figure 3), as indicated by 
the decision block 144 of Figure 6. Referring to block 146, 
once TIMER A OVER is generated, the output latch 52 is 
cleared, so that output VPl is no longer applied to the 




ventricular pacer drive circuit 68 (Figure 5). Then, referring 
to block 148, the Jlipaced beatiJ-j, f lag is set to select the 
proper pacing interval to allow for hysteresis. Hysteresis 
relates to a change in the pacing rate depending on whether 
previous beats from the heart were spontaneous or paced. 
Thus, when previous beats from the heart were paced, the 
"paced beat" flag (a predesignated memory location or, 
alternatively, a one-bit position in output latch 52, as 
discussed above) is set. In this manner, the implantable 
heart stimulator is able to remain aware of whether or not 
the previous beat from the heart was spontaneous or paced, 
thus allowing for hysteresis. 

It is to be noted that, referring to block 136 of 
Figure 6, if the R-wave has occurred (once TIMER B OVER is 
generated by the timer 50, as indicated by a "yes" branch 
from decisxon block 134), an immediate branch to block 148 
is executed, so that the "paced beat" flag is set to select 
the proper pacing interval to allow for hysteresis. In any 
event, once block 148 is executed, a branch to the beginning 
of the pacing routine (block 100) is executed. 

As pointed out earlier, there are certain symptdns, 
such as the absence of R-waves, that could indicate either 
ventricular fibrillation or asystole. Because of the desir- 
ability of providing protection against both these conditions, 
a sensing system for ventricular fibrillation can, in one 
embodiment of the inventive method and system, be provided. 
For example, such a sensing system can comprise two R-wa:ve 
detecting circuits . The first R-wave detecting circuit is 




preferably part, of the pacer circuit, and, upon detecting 
the absence of valid R-waves, sends out 
pacer spikes in an effort to pace the heart. 



respond by being paced, and would thus develop valid R-waves 
( forced R-waves ) in response to the pacing stimuli . These 
R-waves are then sensed by a second R-wave detecting circuit 
(in the sensing system), this second R-wave detecting circuit 
subsequently controlling a def ibrillating sub-system. Thus, 
in the event of ventricular fibrillation, the operation of 
the first R-wave detecting circuit in conjunction with the 
conventional pacing circuit would cause the generation of 
pacer spikes, but, due to the ventricular fibrillation 
condition, the heart would be unable to respond to the 
pacing stimuli. In that eventuality, the second R-wave 
detecting circuit would note the absence of valid, forced 
R-waves, and would then diagnose the condition as ventricular 
fibrillation. 



spikes from the second R-wave detecting circuit could be 
utilized to determine the time of release of the def ibrillatory 
shock. For example, such a shock could be delivered after 
the twentieth (ZOth) spike corresponding, for example, to 
twenty (20) seconds, presuming that each spike is one (1) 
second apart. 



Thus, in the case of asystole, the heart would 



In such an embodiment, an appropriate number of 




It: should be noted that, in such a scheme, the 
second R-wave detecting circuit must be precluded from 
responding to the piacing spike of the original pacing unit. 
This could be accomplished by using an appropriately oriented 
diode to keep the pacing spikes of the pacing unit (operating 
in conjunction with the first R-wave detecting circuit) from 
entering the second portion of the sensing system, that is, 
the second R-wave detecting circuit. This would, however, 
cut out half of the signal, and might lead to a problem with 
certain rhythms having predominantly monophasic complexes. 

In the latter regard, it is considered possible to 
filter out the pacer spike by means of a low-pass filter, 
thus preventing the spike from getting into the second 
R-wave detecting circuit. Alternatively, one might choose 
to protect the amplifier of the second R-wave detecting 
circuit from the pacer spike by shorting the input thereof 
during the elaboration of the spike. Indeed, the spike 
itself could be used to indicate the shorting of the amplifier 
input, thus ensuring that the second R-wave detecting circuit 
monitors only during that time when a spike is not present. 

In summary, of the three main possibilities or 
conditions , normal sinus rhythm would cause both the first 
and second R-wave detecting circuit to remain quiet. Asystole 
would cause the first R-wave detecting circuit to recognize 
the absence of R-waves, and the pacer circuit would elaborate 
spikes causing the paced QRS complexes to occur. If pacing 
succeeds , the second R-wave detecting circuit would recognize 
the valid, forced R-waves, and would inhibit further action. 



However, if pacing does not succeed, the pacer spikes would 
not cause valid, forced R-waves (indicating ventricular 
fibrillation), and this condition would be sensed by the 
second R-wave detecting circuit. As a result, the latter 
would activate the defibrillation circuit, and would be used 
to control subsequent def ibrillatory shocks, as indicated 
above. 



invention described hereinabove are merely illustrative and 
that other modifications and adaptations thereof may be made 
without departing from the scope of the appended claims. 



It is obvious that the embodiments of the present 




